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(54) Quartz glass manufacturing apparatus and method 



(57) A quartz glass manufacturing apparatus 
includes a furnace (2) having an interior and a variable 
opening part (2A) at its bottom area; a target surface (3) 
facing the interior of the furnace for supporting an ingot 
(15) of quartz glass during formation of the ingot within 
the furnace; a burner (1 ) for quartz glass synthesis hav- 



ing a tip end facing the target surface; an exhaust sys- 
tem (13) installed within the furnace for discharging air 
flowing in from the variable opening and shutting sys- 
tem; and an altering mechanism (16,17) for varying an 
opening area of the variable opening and shutting sys- 
tem. 
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Description 

BACKGROUND QF THE INVENTION 

Field off the Invention 

The present invention relates to an ingot manufac- 
turing apparatus and related method of manufacturing 
the ingot. More particularly, the invention concerns a 
quartz glass ingot manufacturing apparatus and 
method. 

Qisqussion of the Related Art 

It has been proposed that synthetic quartz glass 
and fluoride single crystals, such as fluorite. be used in 
place of conventional optical glasses in the lenses of 
illumination optical systems or projection optical sys- 
tems of reduction exposure apparatus that expose and 
transfer fine patterns of integrated circuits onto wafers 
consisting of silicon and the like. Such quartz glass 
materials utilized in optical systems of reduction expo- 
sure apparatus must have a high transmissivity with 
respect to ultraviolet light as well as a high degree of 
refractive index uniformity. For example, when quartz 
glass is used as a projection lens material in photoli- 
thography, the glass must be free of striae in all three 
direction. Moreover, the refractive index uniformity An 
must be 4 X 10'^ or less in the direction of the optical 
axis; the refractive Index distribution in the direction of 
the optical axis of the lens must show center symmetry; 
the RMS value of the rotational non-symmetrical ele- 
ment must be 0.0050 X or less; and the RMS value of 
the rotational symmetrical 2nd/4th-order residual must 
be 0.0050 X or less. Furthermore, in order to realize a 
high transmissivity with respect to ultraviolet light, it is 
necessary to suppress the concentration of impurities in 
the quartz glass. 

For this purpose, an apparatus has been proposed 
that is equipped with a furnace having an opening part 
in the bottom, a target surface that faces this opening 
part, and a burner used for quartz glass synthesis in 
which quartz glass is manufactured by a flame hydroly- 
sis method by which an Si compound gas constituting 
the raw material of the quartz glass and a combustion 
gas used for heating are caused to flow out from the 
burner, and In which soot is deposited with the flame of 
the burner. Since the admixture of impurities can easily 
be suppressed using this flame hydrolysis method, 
quartz glass with a high purity can be obtained. 

However, while the concentration of impurities can 
be suppressed when quartz glass is manufactured by 
this flame hydrolysis method,, the glass produced is 
often unsatisfactory because of striae generated in the 
finished product as a result of a non-uniform tempera- 
ture distribution and with regard to the uniformity of the 
refractive index in the direction of the optical axis. Here, 
the uniformity of the refractive index depends on the 



temperature distribution in the direction of the diameter 
of the ingot when the ingot is formed on the target. 
Accordingly, a quartz glass manufacturing apparatus 
has been proposed in which the target is caused to 

5 rotate in order to adjust the temperature distribution of 
the head portion of the ingot so that the uniformity of the 
refractive index is optimized. Also, in this apparatus the 
burner and ingot are caused to undergo relative planar 
motion in accordance with the temperature distribution 

10 of the head portion of the ingot (Japanese Patent Appli- 
cation Kokai No. 6-234531). In this apparatus, a temper- 
ature distribution that optimizes the uniformity of the 
refractive index is formed. As a result, quartz glass with 
an improved uniformity can be obtained. 

IS This quartz glass manufacturing apparatus has an 
exhaust port that is used to exhaust the chlorine gas, 
and the like, that is generated during the synthesis of 
the ingot. Secondary air used for exhaust poses is 
applied from the opening and shutting system formed in 

20 the bottom of the furnace. 

In the above-mentioned quartz glass manufacturing 
apparatus, the ingot synthesized on the target surface 
becomes larger in size as time passes during the man- 
ufacturing process. As a result the opening area of the 

25 opening and shutting system formed in the bottom of 
the furnace becomes smaller as the ingot gets larger. 
When the area of the opening and shutting system is 
reduced in this way, exhaust efficiency drops so that the 
temperature inside the furnace rises. Furthermore, as 

30 the ingot is synthesized, a deposit of Si02 powder not 
captured by the synthesized surface of the ingot • 
adheres to the exhaust piping so that the exhaust effi- 
ciency drops, also contributing to an Increase in the 
temperature inside the furnace. As the temperature 

35 inside the furnace rises, the temperature in the vicinity 
of the synthesized surface of the ingot also rises, result- 
ing in a drop in viscosity of the ingot causing the ingot to 
collapse. Such a temperature rise might conceivably be 
prevented by reducing the flow rate of the combustion 

40 gas from the burner. This arrangement, however, results 
in differences in the quantity of heat supplied by the 
burner or a temperature distribution, resulting in the 
generation of striae on the irigot, thus lowering the qual- 
ity of the finished product. 

45 

SUMMARY QF THg INVENTION 

Accordingly, the present invention is directed to a 
quartz glass manufacturing apparatus and method that 
50 substantially obviates one or more of the problems due 
to limitations and disadvantages of the related art. 

An object of the present invention is to provide a 
quartz glass manufacturing apparatus and method that 
results In an ingot having a uniform refractive index and 
55 that is free of veins. 

Another object of the present invention is to provide 
a quartz glass manufacturing apparatus and method 
that maintains a constant temperature within the fur- 
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nace during the manufacturing process. 

Another object of the present invention is to provide 
a quartz glass manufacturing apparatus and method 
that heats the ingot uniformly within the furnace during 
the manufacturing process. s 

Additional features and advantages of the invention 
will be set forth in the description which follows, and in 
part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and io 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawing. 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, is 
as embodied and broadly described, the quartz glass 
manufacturing apparatus includes a furnace having an 
interior and a variable opening and shutting system at 
its bottom area; a target surface facing the interior of the 
furnace for supporting an ingot of quartz glass during 20 
formation of the ingot within the furnace; a burner for 
quartz glass synthesis having a tip end facing the target 
surface; an exhaust system installed within the furnace 
for discharging air flowing in from the variable opening 
and shutting system; and an altering mechanism for 25 
varying an opening area of the variable opening and 
shutting system. 

In another aspect of the instant invention, a metiiod 
for manufacturing quartz glass in a flame hydrolysis 
reaction inside a furnace is provided which includes the 30 
steps of mixing a gas containing Si. a combustion -sup- 
porting gas. and a combustible gas and discharging this 
mixed gas from a burner; producing a quartz glass pow- 
der by causing the mixed and discharged gases to react 
in flame within the furnace while an opening area of an 35 
opening and shutting system of the furnace is control- 
led; and producing a quartz glass ingot by depositing 
and vitrifying the quartz glass powder on a target sur- 
face facing an interior of the furnace. 

It is to be understood that both the foregoing gen- 40 
eral description and the following detailed description 
are exemplary and explanatory and are intended to pro- 
vide furtiier explanation of tiie invention as claimed. 

BRIEF DE$QRiP T10N QFTHE DRAWINQg 45 

The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of tills specifica- 
tion, illustrate embodiment of the invention and togetiier so 
with tiie description serve to explain the principles of the 
invention. 

In the drawings: 

FIG. 1 shows the arrangement of a quartz glass ss 
manufacturing apparatus In accordance with a pre- 
ferred embodiment of the present invention; 
FIG. 2 shows a horizontal sectional view of tiie 



quartz glass manufacturing apparatus of FIG. 1 ; 
FIG. 3 is a block diagram illustrating tiie intercou- 
pling of tiie temperature measuring device, the con- 
trol device, and the altering mechanism in the 
quartz glass manufacturing apparatus of the 
present invention; 

FIG. 4 is a graph tiiat illustrates the temperature 
distribution in tiie vertical direction of the ingot; 
FIG. 5 illustrates the opening and shutting of the 
opening-and-shutting doors of the variable opening 
and shutting system of the present invention; 
FIG. 6 illustrates tiie opening and shutting to a sec- 
ond position of tiie opening-and-shutting doors of 
tiie variable opening and shutting system of the 
present invention; and 

FIG. 7 illustrates the opening and shutting to a third 
position of the opening-and-shutting doors of the 
variable opening and shutting system of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to tiie pre- 
fen'ed embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. 

FIG. 1 shows a quartz glass manufacturing appara- 
tus which is equipped with a furnace 2 having an open- 
ing and shutting system 2A in its bottom area, a target 
surface 3 used for supporting the ingot during ingot for- 
mation, which is installed so that the target surface 
faces the interior of the above-mentioned furance 2 from 
a variable opening and shutting system 2B. The manu- 
facturing apparatus also includes a burner 1 used for 
quartz glass synthesis, which is installed so that its tip 
end faces the target surface 3, and an exhaust system 
13 tiiat discharges air flowing into the above-mentioned 
furnace 2 from the variable opening and shutting sys- 
tem 2B to tiie outside of tiie furnace 2. An ingot 15 of 
quartz glass is formed on the target surface 3 inside the 
furnace 2. The manufacturing apparatus is equipped 
with an altering mechanism 16 through 19, 20 that 
makes it possible to alter the opening area of tiie varia- 
ble opening part 2B. 

The manufacturing apparatus is further equipped 
with a temperature measuring device 8 that measures 
the temperature inside the furnace 2, as well as a con- 
trol system 21 tiiat controls tiie altering mechanism 16 
through 19, 20 so tiiat tiie opening area of tiie variable 
opening and shutting system 2B is altered on the basis 
of the measurement results obtained by the above-men- 
tioned temperature measuring device 8. 

The manufacturing apparatus is further equipped 
with a moving mechanism that causes tiie target sur- 
face 3 to undergo relative planar motion witii respect to 
the burner 1 on a horizontal plane of movement in 
accordance with the temperature distribution in the 
direction of the diameter of the head portion of tiie ingot 
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15 formed on the target surface 3. The opening and 
shutting system 2B is designed with a particular shape 
that is suited to the range of movement of the target sur- 
face 3. 

In the quartz glass manufacturing apparatus of a 
preferred embodiment of the instant invention of FIG. 1 , 
a furnace interior space with an oval cross section, as 
shown in FIG. 2, is formed Inside the furnace 2. A 
burner 1 is installed in the Mpper portion of the furnace 
2 so that the tip end portion of this burner 1 faces the 
target surface 3. An observation window 4 for an IR 
camera 5, as well as exhaust ports 6 and 7, are respec- 
tively formed in the furnace walls. Furthermore, the tem- 
perature inside the furnace 2 is measured by means of 
a thermocouple 8. The target surface 3 used for the for- 
mation of an ingot 15 is installed in the lower portion of 
the furnace 2, and this target surface 3 is arranged so 
that it can be rotated and swung in the left-right direction 
of FIG. 1 (for example, in the direction indicated by the 
arrows in FIG. 2) via a supporting shaft 1 1 by means of 
a motor (not shown in the figures) that is installed out- 
side the furnace 2. Furthermore, the target surface 3 is 
arranged so that it can be lowered in accordance with 
the growth rate of the ingot. 

The furnace 2 is surrounded by a furnace frame 10, 
and an observation window 12 is formed in the furnace 
frame 10 In a position corresponding to an interior 
observation window 4. Furthermore, an exhaust pipe 13 
is connected to the furnace frame 10. and conducts 
exhaust from the exhaust ports 6 and 7 formed in the 
furnace 2. An exhaust fan and an anti-pollution device 
such as a scrubber, and the like, are installed at the tip 
end of the exhaust pipe 13. Furthermore, the opening 
2A in the tx)ttom portion of the furnace 2 is oval in cross- 
sectional shape, for example. 

FIG. 2 Illustrates the variable opening part 2B, 
formed by opening-and-shutting doors 16, 17, 18 and 
19. which can be freely opened and shut and is made 
of, for example, a refractory board, or the like. The via- 
ble opening and shutting 2B is installed on the inside of 
the opening 2A in the furnace 2. 

FIG. 3 is a block diagram illustrating the intercou- 
pllng of the temperature measuring device 8, a control 
device 21, and the altering mechanism 20 in the quartz 
glass manufacturing apparatus of the present invention. 
The opening-and-shutting doors 16 through 19 are 
opened and shut by means of the altering mechanism 
(or opening-and-closing mechanism) 20 consisting of a 
motor, or the like. The driving of the opening-and-shut- 
ting mechanism 20 is controlled by a control device 21 
on the basis of the temperature distribution inside the 
furnace 2 measured by the temperature measuring 
device (for example, a thermocouple) 8. 

The variable opening and shutting system 28 is 
opened, for example, as shown in FIG. 5 by driving the 
opening-and-shutting doors 18 and 19, and the variable 
opening and shutting system 28 is opened as shown in 
FIG. 6 by driving the opening-and-shutting doors 16 and 



17. Furthermore, the variable opening and shutting sys- 
tem 28 is opened to its maximum limit as shown in FIG. 
7 by driving all of the opening-and-shutting doors 16 
through 19. 

5 The operation of the quartz glass manufacturing 
method of the instant invention will now be further 
described. After the target surface 3 has been heated to 
a sufficient temperature (2000"C or greater), a raw- 
material gas. for example, SiC^, or the like, is supplied 

10 from the burner 1 , and the synthesis of an ingot 1 5 is ini- 
tiated by a hydrolysis reaction. Then, as an SiOg powder 
gradually accumulates on the target surface 3. this pow- 
der is dissolved and vitrified. The target surface 3 is 
caused to rotate about a supporting shaft 11. and is 

15 caused to swing- in the left-right direction in FIG. 1. so 
that the ingot 15 is uniformly heated. Furthermore, the 
distance between the synthesized surface of the ingot 
and the burner 1 is monitored by the IR camera 5, and 
the target surface 3 is lowered so that this distance 

20 remains constant regardless of the growth of the ingot. 
The exhaust that accumulates inside the furnace 2 
is conducted to the outside of the furnace from the 
exhaust pipe 13 via the exhaust ports 6 and 7. so that 
overheating inside the furnace 2 is prevented. Specifi- 
cs cally, the quantity of heat inside the furnace 2 is control- 
led by introducing air from the atmosphere at room 
temperature into the furnace 2 via the variable opening 
and shutting system 28 formed in the bottom of the fur- 
nace 2. An ingot 15 is obtained by continuing this state 

30 for several weeks. 

The ingot 1 5 gradually grows so that the diameter is 
increased from the diameter of the target surface 3 at 
the time that synthesis is initiated. Accordingly, the area 
of the opening and shutting system 28 is substantially 

35 reduced as the ingot gets larger. When the area of the 
opening and shutting system 28 is reduced, the amount 
of secondary air entering from the opening and shutting 
system 28 is reduced, so that the amount of exhaust 
from the exhaust pipe 13 is reduced. At the same time. 

40 the release of radiant heat to the outside is also 
reduced, so that the temperature inside the furnace 2 
rises. 

If a deposit 30 adheres to the exhaust pipe 13. the 
pressure loss increases. As a result, the amount of 

45 exhaust is reduced so that the temperature inside the 
furnace 2 rises. When the temperature inside the fur- 
nace 2 rises in this way, the ingot 15 is heated in a non- 
uniform manner. The temperature distribution inside the 
furnace 2 is detected by the thermocouple 8. and the 

50 opening-and-shutting mechanism 20 is driven by the 
control device 21 so that the opening-and-shutting 
doors 16 through 19 are opened, thus increasing the 
area of the opening and shutting system 28 so that the 
temperature distribution inside the furnace 2 always 

55 remains constant. As a result, secondary air used for 
exhaust can be efficiently Introduced into the furnace 2, 
so that the exhaust inside the furnace 2 can be con- 
ducted to the outside by the exhaust pipe 13 without 
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stagnation. Accordingly, since the temperature, which 
has begun to rise inside the furnace 2, returns to the 
original temperature, the ingot 15 can be synthesized 
with the temperature Inside the furnace 2 maintained at 
a more or less constant value. 5 

Furthermore, as is shown in FIG. 4. the tempera- 
ture distribution in the direction of growth of the ingot 1 5 
is greatly reduced in a furnace where the area of the 
opening and shutting system 2B can be altered, as indi- 
cated by plot a, than it is in the conventional system in 10 
which the quantity of heat supplied from the burner is 
controlled with the area of the opening and shutting sys- 
tem 2B remaining fixed, as indicated in plot b. As a 
result, since the temperature variation in the furnace 
during the growth process of the ingot 15 can be is 
reduced, the ingot 15 is uniformly heated resulting in a 
uniform ingot 15 which is also free of striae in the direc- 
tion of growth. 

As discussed above, the area of the variable open- 
ing and shutting system 2B is an oval shape. However, 20 
this area also could be a rectangular or a circular shape. 
Moreover, in the above working configuration, the target 
surface 3 is arranged so that it can be swung in the left- 
right direction or frorrt-back direction in FIG. 1 . However, 
it is not particularly necessary to swing the target sur- 25 
face. In cases where the target surface 3 is caused to 
swing, the symmetry of the opening area around the 
ingot can be maintained by driving the opening-and- 
shutting doors 16 and 17 in the same direction in syn- 
chronization with this swinging, thus further maintaining 30 
the temperature distribution inside the furnace at a con- 
stant value. 

Moreover, as described above, the temperature 
inside the furnace 2 is detected by means of a thermo- 
couple 8, and the opening-and-shutting doors 16 35 
through 19 are opened and shut in accordance with the 
detection results. However, it would also be possible to 
store the temperature change inside the furnace 2 dur- 
ing synthesis of the ingot 15 as data beforehand, and to 
control the opening and shutting of the opening-and- 40 
shutting doors 16 through 19 on the basis of this data. 

Further, as described above, the opening-and-shut- 
ting action of the opening-and-shutting doors 16 
through 19 is controlled by means of a control device 
21 . However, it would also be possible to open and shut 45 
the opening-and-shutting doors 16 through 19 manually 

What follows are experimental results obtained for 
the uniformity of the refractive index in ingots synthe- 
sized by means of a quartz glass manufacturing appa- 
ratus constructed as described by the foregoing so 
description. The experimental results will be presented 
in comparison with comparative examples. 

(1) Practical Example 1 

55 

An ingot with a diameter of approximately 350 mm 
and a thickness of approximately 1000 mm was synthe- 
sized by means of the quartz glass manufecturing appa- 



ratus constituting the above-mentioned working 
configuration of the present invention. During this syn- 
thesis, the opening and shutting system 28 was control- 
led between 360 x 500 mm (67% of the area of the 
furnace opening 2A) and 450 x 630 mm (oval shape). 
After a test sample (0 250 x 1 40 [mm]) was prepared in 
order to measure the uniformity of the refractive index of 
the ingot thus obtained, this test sample was maintained 
for 10 hours or longer at lOOO^'C, and was then gradu- 
ally cooled at a temperature reduction rate of lO'^C/hour 
so that strain was thoroughly eliminated. Afterward, the 
refractive index uniformity An was measured by the oil- 
on-plate method using an interferometer. Furthermore, 
the measurement of striae was accomplished by means 
of the pinhole method. 

As a result, in Practical Example 1 , a quartz glass 
was obtained that had a refractive index uniformity An of 
1.0 x 10'^ and was free of striae in all three directions. 
The refractive index distribution in the direction of the 
optical axis of a lens manufactured using this quartz 
glass showed center symmetry. Furthermore, the RMS 
value of the rotationally asymmetrical component was 
0.0010 X, and the RMS value of the residual difference 
component following 2.4-order curve fitting of the rota- 
tionally symmetrical component was 0.0008 X. This 
glass sufficiently satisfied the specifications for a quartz 
glass used in photolithographic projection lenses, and 
especially a quartz glass for lenses used in a reduction 
exposure apparatus using short-wavelength light of 256 
M or below. 

(2) Practical Example 2 

An ingot 15 with a diameter of approximately 350 
mm and a thickness of approximately 1000 mm was 
synthesized by means of the quartz glass manufactur- 
ing apparatus constituting the above-mentioned work- 
ing configuration of the present invention. During this 
synthesis, the opening and shutting system 28 was 
controlled between 360 x 500 mm and 450 x 630 mm, 
and the process was performed so that a temperature 
distribution, such as that shown in FIG. 4, was obtained 
in the direction of growth of the ingot 15. After a test 
sample (0 250 x t 40 [mm]) was prepared in order to 
measure the uniformity of the refractive index of the 
ingot 15 thus obtained, this test sample was maintained 
for 10 hours or longer at 1000°C, and was then gradu- 
ally cooled at a temperature reduction rate of lO'^C/hour 
so that strain was thoroughly eliminated. Aftenward, the 
refractive index uniformity An was measured by the oil- 
on-plate method using an interferometer. Furthermore, 
the measurement of striae was accomplished by means 
of the pinhole method. 

As a result, in Practical Example 2. a quartz glass 
was obtained that had a refractive index uniformity An of 
1 .6 X 10'^ and was free of striae in all three directions. 
The refractive index distribution in the direction of the 
optical axis of a lens manufactured using this quartz 
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glass showed center symmetry. Furthermore, the RMS 
value of the rotational non-symmetrical element was 
0.0008 X,, and the RMS value of the rotational symmet- 
rical 2nd/4th-order residual was 0.0005 X. This glass 
sufficiently satisfied the specifications for a quartz glass s 
used in photolithographic projection lenses. 

(3) Comparative Example 1 

An ingot 1 5 with a diameter of 350 mm and a thick- io 
ness of 1 000 mm was synthesized under the same con- 
ditions as in the above-mentioned Practical Example 1. 
In this case, the opening and shutting system 2B was 
maintained at a fixed value of 450 x 630 mm (oval 
shape). After a test sample (0 250 x 1 40 [mm]) was pre- is 
pared in order to measure the uniformity of the refrac- 
tive index of the ingot 15 thus obtained, the refractive 
index uniformity An and the striae were measured. 

As a result, in Comparative Example 1, the refrac- 
tive index uniformity An was 5 x 10'^, and observation 20 
from the side surface in the direction of the optical axis 
revealed laminar striae. The refractive index distribution 
in the direction of the optical axis of a lens manufactured 
from this quartz glass showed poor center symmetry; 
furthermore, the RMS value of the rotational non-sym- 25 
metrical element was 0.0071 X, and the RMS value of 
the rotational symmetrical 2nd/4th-order residual was 
0.0078 X. This glass did not satisfy the specifications for 
quartz glass used in photolithographic projection 
lenses. 30 

(4) Comparative Example 2 

An ingot 15 with a diameter of 350 mm and a thick- 
ness of 1 000 mm was synthesized under the same con- as 
ditions as in the above-mentioned Practical Example 1 . 
During this synthesis, the opening and shutting system 
2B was maintained at a fixed value of 360 x 500 mm 
(67% of the area of the opening 2A). In this case, the 
area of the opening and shutting system was reduced to 40 
a point near the diameter of the ingot 1 5. At the time that 
synthesis was initiated, the diameter of the ingot was 
extremely large, and the quantity of gas supplied from 
the burner 1 was reduced. However, the temperature 
rise inside the furnace 2 could not be suppressed; the 45 
quantity of gas supplied from the burner 1 reached the 
lower limit value, and the flame supplied rode upward on 
rising air currents, thus returning to the burner 1 so that 
synthesis was inrpossible. 

In regard to the con-espondence between the so 
above-mentioned working configuration and the claims, 
the opening-and-shutting doors 16 through 19 and the 
opening-and-shutting mechanism 20 constitute the 
above-mentioned altering mechanism, the thermocou- 
ple 8 constitutes the above-mentioned temperature ss 
measuring device, and the control device 21 constitutes 
the above-mentioned control system. 

The quartz glass manufecturing apparatus and 



method of the instant invention thus allows the area of 
the opening and shutting system of the furnace to be 
altered in accordance with the growth of the ingot so 
that the temperature inside the furnace can be main- 
tained at a more or less constant value during the man- 
ufacturing process. As a result, synthesis can be 
performed in an optimal manner under the same condi- 
tions at the beginning and end of the synthesis process. 
What results is the manufacturing of an ingot that is 
superior in terms of the uniformity of the refractive index 
and is free of striae. 

Moreover, since the opening area of the opening 
and shutting system can be altered in accordance with 
the temperature inside the furnace, the temperature 
inside the furnace can be maintained at a more or less 
constant value. This results in the temperature distribu- 
tion in the direction of growth of the ingot being elimi- 
nated so that an ingot which is free of striae can be 
manufactured. 

Rnally, the ingot is caused to undergo planar 
motion relative to the burner in accordance with the 
temperature distribution in the direction of the diameter 
of the head portion of the ingot. This results In the ingot 
being uniformly heated in the direction of the diameter 
of the ingot. Accordingly, the temperature distribution of 
the ingot can be eliminated so that an ingot with good 
uniformity can be manufactured. 

As detailed above, opening-and-shutting doors 16 
through 19. which open and shut the opening and shut- 
ting system 2B located in the bottom of the furnace 2, 
are installed on this opening and shutting system 28. 
The opening-and-shutting doors 16 through 19 are 
opened In accordance with the growth of the ingot 1 5 on 
the target 3, so that the opening area of the opening and 
shutting system 28 is increased. As a result, exhaust 
can be efficiently conducted from the exhaust pipe 13, 
so that the temperature rise inside the furnace 2 can be 
suppressed, thus making it possible to synthesize the 
ingot 15 at a constant temperature. 

Claims 

1. A quartz glass manufacturing apparatus compris- 
ing: 

a furnace having an interior and a variable 
opening and shutting system at its bottom area; 
a target surfiace facing the interior of the fur- 
nace for supporting an ingot of quartz glass 
during formation of the ingot within the furnace; 
a burner for quartz glass synthesis having a tip 
end facing the target surface; 
an exhaust system installed within the furnace 
for discharging air flowing in from the variable 
opening and shutting system; and 
an altering mechanism for varying an opening 
area of the variable opening and shutting sys- 
tem. 
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2. The quartz glass manufacturing apparatus accord- 
ing to claim 1 . further comprising: 

a temperature measuring device, installed on 
the furnace, for measuring a temperature distri- s 
bution inside the furnace; and 

a control device for controlling the altering 
mechanism in accordance with measurement 
results received from the temperature measur- io 
ing device. 

3. The quartz glass manufacturing apparatus accord- 
ing to claim 1 , further comprising: 

15 

a target motion control apparatus for causing 
the target surface to move in a horizontally-pla- 
nar direction with respect to the burner in 
accordance with the temperature distribution in 
the direction of a head portion of the ingot 20 
formed on the target surface and for causing 
the target surface to be lowered in a vertically- 
planar direction in accordance with a growth 
rate of the ingot formed on the target surface; 

wherein the variable opening part is 25 
shaped to accommodate the range of move- 
ment of the target surface. 

4. The quartz glass manufacturing apparatus accord- 
ing to claim 1, wherein said variable opening and 30 
shutting system includes a plurality of opening-and- 
shutting doors. 

5. The quartz glass manufacturing apparatus accord- 
ing to claim 3, wherein said variable opening and 3S 
shutting system is one of an oval, rectangular, or 
circular shape. 

6. A method for manufacturing quartz glass in a flame 
hydrolysis reaction inside a furnace, comprising the 40 
steps of: 

mixing a gas containing Si. a combustion-sup- 
porting gas. and a combustible gas and dis- 
charging this mixed gas from a burner; 45 
producing a quartz glass powder by causing 
the mixed and discharged gases to react in a 
flame within the furnace while an opening area 
of an opening and shutting system of the fur- 
nace Is controlled; so 
producing a quartz glass ingot by depositing 
and vitrifying the quartz glass powder on a tar- 
get surface facing an Interior of the furnace. 

7. The method for manufacturing quartz glass in a 55 
flame hydrolysis reaction inside a furnace accord- 
ing to claim 6. wherein the opening area of the 
opening an shutting system of the furnace is varied 



in accordance with a temperature dlstrlt>ution within 
the furnace. 

8. A method for manufacturing quartz glass in a flame 
hydrolysis reaction inside a furnace according to 
daim 6, further comprising the step of: 

causing the target surfece to move in a horizon- 
tally-planar direction with respect to the burner 
in accordance with the temperature distribution 
in a direction of a head portion of the ingot 
formed on the target surface. 

9. A method for manufecturing quartz glass in a flame 
hydrolysis reaction inside a furnace according to 
claim 6. further comprising the step of: 

monitoring a distance between a top surface of 
the ingot and the burner and causing the target 
surface to be lowered in a vertically-planar 
direction in accordance with a growth rate of 
the ingot formed on the target surface in order 
to kieep a distance between the top surface of 
the ingot and the burner constant regardless of 
the growth of the ingot. 

1 0. A method for manufacturing quartz glass in a flame 
hydrolysis reaction inside a furnace according to 
claim 7. wherein the opening area of the opening 
and shutting system of the furnace is varied by 
moving at least one of a plurality of movable doors 
attached to tiie furnace. 
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